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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO 16200 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard ISO 16200-2 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee
SC 2, Workplace atmospheres.

ISO 16200 consists of the following parts, under the general title Workplace air quality — Sampling and analysis of
volatile organic compounds by solvent desorption/gas chromatography:

� Part 1: Pumped sampling method

� Part 2: Diffusive sampling method

Annexes A to J of this part of ISO 16200 are for information only.
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Workplace air quality — Sampling and analysis of volatile organic
compounds by solvent desorption/gas chromatography —

Part 2:
Diffusive sampling method

1 Scope

This part of ISO 16200 gives general guidance for the sampling and analysis of volatile organic compounds (VOCs)
in air.

This part of ISO 16200 is applicable to a wide range of VOCs, including hydrocarbons, halogenated hydrocarbons,
esters, glycol ethers, ketones and alcohols. A number of devices and sorbents are recommended for the sampling
of these VOCs, each sorbent having a different range of applicability.

NOTE Activated coconut shell charcoal is frequently used. Very polar compounds may require derivatization; very low
boiling compounds will only be partially retained by the sorbents and can only be estimated qualitatively. Semi-volatile
compounds will be fully retained by the sorbents, but may only be partially recovered.

This part of ISO 16200 is valid for the measurement of airborne vapours of VOCs in a concentration range of
approximately 1 mg/m3 to 1000 mg/m3 individual organic for an exposure time of 8 h.

The upper limit of the useful range is set by the sorptive capacity of the sorbent used and, subject to dilution of the
analysed solution, by the linear dynamic range of the gas chromatograph column and detector or by the sample
splitting capability of the analytical instrumentation used. The lower limit of the useful range depends on the noise
level of the detector and on blank levels of analyte and/or interfering artefacts on the sampling devices or in the
desorption solvent. Artefacts are typically sub-nanogram for activated charcoal, but higher levels of aromatic
hydrocarbons have been noted in some batches.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 16200. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 16200 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

EN 838:1995, Workplace atmospheres — Diffusive samplers for the determination of gases and vapours —
Requirements and test methods.

EN 1540, Workplace atmospheres — Terminology.

3 Principle

Diffusive samplers consist of a sorbent separated from ambient air by some form of diffusion resistance, commonly
a controlled air gap and draught shield. The diffusive sampler (or samplers) is exposed to air for a measured time
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period. The rate of sampling is determined by prior calibration in a standard atmosphere (see 7.4). Volatile organic
compounds migrate into the sampler by diffusion and are collected on the sorbent, normally activated carbon. The
collected vapour is desorbed by a solvent, typically carbon disulfide, and the solution is analysed with a gas
chromatograph equipped with a flame ionization detector, mass spectrometer or other selective detector.

4 Reagents and materials

During the analysis, use only reagents of recognized analytical reagent grade.

4.1 Volatile organic compounds

A wide range of VOCs are required as reagents for calibration purposes.

4.2 Desorption solvent

The desorption solvent, commonly carbon disulfide, should be of chromatographic quality. It shall be free from
compounds co-eluting with the substances of interest. Check the purity of each new batch of solvent.

NOTE Carbon disulfide is normally recommended for the desorption of non-polar compounds from activated carbon. For
polar compounds and mixtures of polar and non-polar compounds, there is no ideal universal desorption solvent.
Dichloromethane, methanol, higher alcohols, dimethylformamide and acetonitrile have been used as eluants, either singly or
mixed with each other or carbon disulfide. Dichloromethane may cause corrosion in the flame ionization detector.

The use of carbon disulfide desorption solvent can result in problems when polar analytes are collected from humid
atmospheres. Polar analytes may be soluble in a water phase which forms following desorption with carbon
disulfide when sufficient water is collected with the sample. A desorption solvent modifier shall be present at a
sufficient concentration to result in a homogeneous solution in desorbed samples; dimethylformamide may be
suitable for this purpose.

4.3 Sorbents

4.3.1 Activated charcoal

A particle size of 0,35 mm to 0,85 mm is recommended. Before packing the samplers, the charcoal shall be heated
in an inert atmosphere, e.g. high-purity nitrogen, at approximately 600 °C for 1 h. To prevent recontamination of the
charcoal, it shall be kept in a clean atmosphere during cooling to room temperature, storage and loading into the
samplers. Samplers prepacked by the manufacturer with pre-conditioned charcoal are also available and require
no further conditioning.

NOTE 1 Activated charcoal is usually processed from coconut shells. Some manufacturers recommend synthetic carbons as
alternatives to charcoal of biological origin (see annexes A and B).

NOTE 2 The sorptive capacity and desorption efficiency of different batches of activated charcoal may vary. Commercial
samplers, if used, should be purchased from the same batch and in sufficient number to provide consistent performance for a
definite period of time.

4.3.2 Other sorbents

Sorbents other than charcoal may be used for certain applications (see annex B).

NOTE A description of sorbent types is given in annex A. Equivalent sorbents may be used.

4.4 Calibration standards

4.4.1 General

Calibration blend solutions are required in order to compare the concentrations of desorbed solutions (7.2) with
those calibration standards in the gas chromatographic analysis. Such solutions should be prepared in a way that
is traceable to national standards.
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An internal standard, for example trifluorotoluene or 3-bromofluorobenzene, is optional. If used, it should not
interfere with the compounds of interest and it should not be removed from the elution solvent by the sorbent. In the
context of this method, the purpose of the internal standard is to correct for small variations in the injection volume.
The use of an internal standard as a surrogate to correct for desorption efficiency (e.g. n-propyl acetate in the
analysis of n-butyl acetate) is not recommended. Desorption efficiency should be determined directly with the
compounds of interest (7.3).

Storage times for calibration solutions vary according to application. Typically, carbon disulfide dilutions should be
prepared fresh weekly, or more frequently if evidence is noted of decomposition or evaporation.

NOTE In the analysis of complex mixtures, calibration blends of the pure compounds may be prepared before dilution with
the elution solvent. Examples of three calibration blends are listed here. These have been used in the analysis of mixed
solvents in paints, thinners, adhesives, cleaning fluids and miscellaneous commercial products. The components are arranged
to give resolved peaks on both BP-1 and BP-10 phases1�. Other blends may be more appropriate on different columns or in
other applications.

a) Blend 1 consists of: n-hexane, n-heptane, n-octane, n-decane, n-undecane, n-dodecane, benzene, toluene, o-xylene, p-
xylene, n-propylbenzene, isopropylbenzene, o-ethyltoluene, m-ethyltoluene, p-ethyltoluene, 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, n-propyl acetate, n-butyl acetate, isobutyl acetate, butoxyethyl acetate.

b) Blend 2 consists of: isopropanol, isobutanol, n-butanol, 1-methoxy-2-propanol, butoxyethanol, toluene, ethylbenzene,
1,2,3-trimethylbenzene, ethyl acetate, ethoxyethyl acetate.

c) Blend 3 consists of: acetone, 2-butanone, 4-methylpentan-2-one, cyclohexanone, 2-methylcyclohexanone, 3-methylcyclo-
hexanone, 4-methylcyclohexanone, isopropyl acetate, n-nonane, toluene.

In the above examples, calibration blends 1-3 are stable for at least one year when stored in dark glass bottles with
polytetrafluoroethylene (PTFE)-lined screw-caps at less than 4 °C.

4.4.2 Solution containing approximately 10 mg/ml of each liquid component

Weigh 1 g of the substance or substances of interest into a 100 ml volumetric flask, starting with the least volatile
substance. Make up to 100 ml with desorption solvent (4.2), stopper and shake to mix.

4.4.3 Solution containing approximately 1 mg/ml of liquid components

Introduce 50 ml of desorption solvent into a 100 ml volumetric flask. Add 10 ml of solution 4.4.2. Make up to 100 ml
with desorption solvent, stopper and shake to mix.

4.4.4 Solution containing approximately 100 ����g/ml of each liquid component .

Weigh 10 mg of the substance or substances of interest into a 100 ml volumetric flask, starting with the least
volatile substance. Make up to 100 ml with desorption solvent (4.2), stopper and shake to mix.

4.4.5 Solution containing approximately 10 ����g/ml of liquid components

Introduce 50 ml of desorption solvent into a 100 ml volumetric flask. Add 10 ml of solution 4.4.4. Make up to 100 ml
with desorption solvent, stopper and shake to mix.

4.4.6 Solution containing approximately 1 mg/ml of gas components

For gases, e.g. ethylene oxide, a high level calibration solution may be prepared as follows. Obtain pure gas at
atmospheric pressure by filling a small plastic gas-bag from a gas cylinder. Fill a precision 1 ml gas-tight syringe

1� BP-1 and BP-10 are examples of suitable products available commercially. This information is given for the convenience of
users of this part of ISO 16200 and does not constitute endorsement by ISO of these product. Equivalent products may be used
if they can be shown to lead to the same results. Annex C gives a non-exclusive list of products that are believed to be
equivalent.
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(5.5) with 1 ml of the pure gas and close the valve of the syringe. Using a septum vial of suitable capacity, add 2 ml
desorption solvent and close with the septum cap. Insert the tip of the syringe needle through the septum cap into
the desorption solvent. Open the valve and withdraw the plunger slightly to allow the desorption solvent to enter the
syringe. The action of the gas dissolving in the desorption solvent creates a vacuum, and the syringe fills with
solvent. Return the solution to the flask. Flush the syringe twice with the solution and return the washings to the
flask. Calculate the mass of gas added using the gas laws, i.e. 1 mole of gas at STP occupies 22,4 l.

4.4.7 Solution containing approximately 10 ����g/ml of gas components

For gases, e.g. ethylene oxide, a low level calibration solution may be prepared as follows. Obtain pure gas at
atmospheric pressure by filling a small plastic gas-bag from a gas cylinder. Fill a precision 10 �l gas-tight syringe
(5.5) with 10 �l of the pure gas and close the valve of the syringe. Using a septum vial of suitable capacity, add
2 ml desorption solvent and close with the septum cap. Insert the tip of the syringe needle through the septum cap
into the desorption solvent. Open the valve and withdraw the plunger slightly to allow the desorption solvent to
enter the syringe. The action of the gas dissolving in the desorption solvent creates a vacuum, and the syringe fills
with solvent. Return the solution to the flask. Flush the syringe twice with the solution and return the washings to
the flask. Calculate the mass of gas added using the gas laws, i.e. 1 mole of gas at STP occupies 22,4 l.

4.5 Calibration blend atmospheres (for 4.6 and 7.4)

Prepare standard atmospheres of known concentrations of the compound(s) of interest by a recognized method.
See for example ISO 6141, ISO 6145 and ISO 6349 [1-3]. If the procedure is not applied under conditions that will
allow the establishment of full traceability of the generated concentrations to primary standards, confirm the
delivered concentrations using an independent procedure .

4.6 Standards for desorption efficiency (for 7.3)

Prepare standards by exposure of the samplers to the standard atmosphere (4.5) for an accurately known time.
After exposure, remove and seal the samplers.

If the generation of standard atmospheres is not practicable, the standards may be prepared by a liquid spiking
procedure, provided that the accuracy of the spiking technique is established by using procedures giving spiking
levels traceable to primary standards of mass and/or volume, or is confirmed by an independent procedure. This is
the procedure usually recommended by manufacturers; follow the manufacturer’s guidance for specific instructions.
These will vary significantly with the sampler type, and some examples are given in annexes E to J. In principle,
load the devices by injecting aliquots of standard solutions (4.4) of accurately known mass or volume at three or
more levels onto clean samplers, seal the samplers and leave to equilibrate.

5 Apparatus

Ordinary laboratory apparatus and the following.

5.1 Diffusive samplers.

A number of solvent-desorption diffusive samplers are available commercially. Information on available devices is
given in annex D and information of available sorbent types in given in annex A. Manufacturer-supplied data on the
characteristics of some typical sampler types are given in annexes E to J.

NOTE Self-packed samplers should not be used unless they can be shown to have reproducible and constant sampling
rates.

The desorption efficiency (D) for each batch of samplers shall be checked by one of the methods described in 4.6
and 7.3.

Some diffusive samplers have a back-up section, which can be used as a check on overload of the sampling
section.
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5.2 Gas chromatograph, fitted with a flame ionization (FID), photoionization detector, mass spectrometric or
other suitable detector, capable of detecting an injection of 0,5 ng toluene, with a signal-to-noise ratio of at least
5:1.

NOTE Dichloromethane may cause corrosion in the FID of some instruments.

The gas chromatograph column shall be capable of separating the analytes of interest from other components.
Examples of suitable choices are 50 m x 0,22 mm fused silica columns with BP-1 or BP-10 stationary phases. A
typical film thickness is in the range 0,5 �m to 2,0 �m. Typical operating conditions for these columns might be
temperature programming from 50 °C to 200 °C at 5 °C/min with a carrier gas flowrate of 0,7 ml/min to 0,8 ml/min
helium. Annex C gives a list of equivalent phases.

5.3 Autosampler.

Autosamplers are commercially available with liquid-chilled sample trays, suitable for the analysis of volatile
solvents.

5.4 Volumetric glassware.

Precision volumetric flasks of an accurately known volume, to be used for the preparation of calibration blend
solutions (4.4). These should be obtained from suppliers issuing certificates of calibration traceable to primary
standards or be traceably calibrated in the laboratory by weighing of the solvent(s) applied.

5.5 Syringes (for 4.4.6 and 4.4.7).

Precision gas-tight syringes of accurately known volumes of 1,0 ml and 10 �l, readable to 0,01 ml and 0,1 �l
respectively.

6 Sampling

Select a diffusive sampler appropriate for the compound or mixture to be sampled. Guidance on the availability of
suitable samplers is given in 5.1. Annex B gives information on the availability of manufacturer-supplied diffusive
uptake rates for a range of VOCs and, where appropriate, any special conditions, e.g. a variation from the basic
device design. If a device is not listed for a particular VOC, it will be necessary to calibrate the device according to
7.4.

Follow the manufacturer’s guidance for specific sampling instructions. These will vary significantly with the sampler
type, and some examples are given in annexes E to J. In principle, any protective cover is removed before the
diffusive sampler is exposed to the target atmosphere, and the sampler is re-sealed again at the end.

When intended for personal sampling, mount the sampler in the breathing zone as defined in accordance with
EN 1540. When used for fixed-location sampling, choose a suitable sampling site. In either case, the sampler
should have unrestricted access to the sampled atmosphere, i.e. it should not be obscured by the wearer’s clothing
or other objects.

NOTE Some designs of diffusive sampler are affected by air velocity. See 7.4 for details.

The exposure time recommended for the VOCs covered by this part of ISO 16200 is normally 8 h for workplace
monitoring. If the maximum exposure time recommended is less than 8 h, this is indicated in annex B. Sampling
over shorter periods is possible, down to 30 min for workplace monitoring, but the limits of the measurable
concentration range increase accordingly. For example, for a 4-h sampling period, the concentration range is
approximately 2 mg/m3 to 2 000 mg/m3.

Samplers should be uniquely labelled. Solvent-containing paints and markers or adhesive labels should not be
used to label the samplers.

Record air temperature and barometric pressure periodically during sampling if it is desired either to express
concentrations reduced to specific conditions (8.2) or to express concentrations as volume fractions (8.3).
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Field blanks should be prepared by using samplers identical to those used for sampling and subjecting them to the
same handling procedure as the samples except for the actual period of sampling. Label these as blanks.

7 Procedure

CAUTION — This part of ISO 16200 does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this part of ISO 16200 to establish appropriate
health and safety practices and determine the applicability of regulatory limitations prior to use.

7.1 Desorption

If samples are not to be analysed within 8 h, they shall be placed in a clean, uncoated, sealed metal or glass
container.

In each case, carry out the desorption in a clean atmosphere in a fume hood. Desorb the sample blanks in the
same way as the samples.

Follow the manufacturer’s guidance for specific desorption instructions. These will vary significantly with the
sampler type, and some examples are given in annexes D to H. In principle, the collected VOC is extracted from
the sorbent (4.3) with a suitable solvent (4.2). In some cases, the desorption is done without disassembling the
device; in others, the sorbent is removed and desorbed in a separate vessel.

If there is a back-up section of sorbent, this should be desorbed separately.

NOTE In some circumstances, a higher D may be obtained with ultrasonic extraction as opposed to mechanical shaking.

7.2 Analysis

Set up the gas chromatograph for the analysis of volatile organic compounds. A variety of chromatographic
columns may be used for the analysis of these compounds (see 5.2). The choice will depend largely on which
compounds, if any, are present that might interfere in the chromatographic analysis.

Inject a known fixed volume (1 µl to 5 µl) of each standard solution (4.4) into the gas chromatograph. A
standardized injection technique should be used so that repeatable peak heights or areas are obtained. Typically,
for a series of replicate injections, the relative standard deviation should be better than ± 2 %.

NOTE Autosamplers normally achieve better than ± 1 %.

Inject the same fixed volume of solution from the desorbed sample into the gas chromatograph. Read from the
calibration graph the concentration of the analyte in the desorbed sample. Analyse the sample blank and the
samples used to determine desorption efficiency in the same way.

Correspondence of retention time on a single column should not be regarded as proof of identity. The retention
indices of about 160 VOCs on BP-1 and BP-10 phases are given in annex K. They are a useful guide to elution
order on these phases or their near equivalent, but are not definitive, since exact values depend on temperature
programme, carrier flowrate and other factors.

If a back-up section contains more than 10 % of the sample, discard the sample as unreliable.

7.3 Determination of desorption efficiency

The desorption efficiencies (D) of VOCs can vary with the type and batch of sorbent used. Thus it is necessary for
each type of sorbent and for each analyte to determine D over the sample concentration range. Samples are
prepared as described in 4.6 and analysed as described in 7.2. Prepare at least three samples at each load level.
D is then the amount recovered divided by the amount applied.
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Alternatively to the liquid spiking procedure (4.6), the phase-equilibrium method may be applied, in which
accurately known volumes of standard solutions are added to unused blank samplers with the difference in
concentration before and after addition being determined.

If the desorption efficiency data can be shown to be a homogeneous set, e.g. by applying the Bartlett test, then D is
given by the pooled mean. Otherwise the data should be examined to determine whether it can be modelled using
a smooth non-linear equation, with D increasing with the ratio of analyte mass to sorbent mass. In such cases, D
can be estimated using this curve.

If the D at the load level is less than 0,75 (75 %), a sample result corresponding to that level should be discarded
(but see note 2).

NOTE 1 Indicative values of D for single compounds may be obtained from the manufacturer. Actual values should always be
determined at the time of analysis. The desorption efficiency will vary with the mass loading of compound on the sorbent tube;
the variation is usually significant where the average value is below 90 %.

NOTE 2 Where mixtures of non-polar analytes are desorbed with pure carbon disulfide, the mutual concentration effect on D
is generally negligible. If the composition of a mixture of polar and non-polar analytes is known approximately, D values should
be established with a similar mixture. It may not be possible to achieve greater than 75 % D for all components of such a
mixture with a single desorption solvent. Provided that it can be established that the D is consistent and that no better solvent
has been found, then a compromise is acceptable, although where possible, the taking of a second sample and optimizing
desorption conditions for both polar and non-polar analytes is preferred.

NOTE 3 The liquid spiking and phase-equilibrium methods may not take account of high humidity at the time of sampling.
Adsorbed water vapour is a factor which can be simulated by addition of water to the sorbent. This should be investigated when
sampling water-soluble compounds from atmospheres of high humidity.

NOTE 4 The phase-equilibrium method may give rise to incorrect values for D [4-7].

7.4 Calibration of uptake rate

Diffusive uptake rates for some typical samplers are given in annex B. Data on approximately 200 compounds
have been compiled from the manufacturers' latest sources available [8-13]. Unless otherwise specified, rates are
appropriate for standard conditions (25 °C and 101 kPa). Some rates already include an allowance for desorption
efficiency. Uptake rates listed as type C evaluation were calculated by the manufacturers using geometric
constants and diffusion coefficients either known experimentally [14] or estimated from empirical equations [15-18].

If an uptake rate for a particular compound or device is not available, it shall be determined experimentally. Expose
samplers for a measured time to a calibration blend atmosphere (4.4.8) containing the compound or compounds of
interest. The concentrations and times of exposure should be typical of the intended use of the sampler, Analyse
the samplers according to 7.2 and calculate the diffusive sampling rate as mass collected per unit concentration
per unit time. Equation (7) can then be used to convert the value to cubic centimetres per minute (cm3/min). Full
details of an appropriate procedure to be followed are given in EN 838.

The uptake rate of samplers is not significantly affected by air movement, provided the air velocity exceeds a
threshold value which depends on design. Generally, air velocities greater than 0,1 m/s are sufficient for the
samplers described in annexes E to J. Other samplers may have different characteristics [19]. Manufacturer
documentation should be consulted for any specific recommendations.

For an ideal diffusive sampler, the dependence of U on absolute temperature and pressure is governed by that of
the diffusion coefficient, �D , of the analyte. The latter dependence is given by:

�D = f (T n+1, P–1) (1)

with 0,5 < n < 1,0.

Hence, the dependence of U, expressed in units of cubic centimetres per minute or equivalent is:

U = f(Tn+1, P–1) (2)
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When �U is expressed in units of pg/ppb�min or equivalent (see 8.3), then the dependence is given by:

�U = f (Tn) (3)

In the latter case, the dependence will be of the order of 0,2 %/K to 0,4 %/K. In the case of a non-ideal sampler, the
temperature dependence of �U may be compensated by the temperature dependence of the sorption coefficient of
the analyte. In any case, accurate knowledge of the average temperature and pressure during the sampling period
is important for a correct application of equations (4) and (5) (clause 8).

8 Calculations

8.1 General

Prepare a log-transformed calibration graph by plotting the base-ten logarithm of the areas of the analyte peaks
corrected for blank levels on the vertical scale against the base-ten logarithm of the concentration of the analyte, in
micrograms per millilitre (µg/ml), in the injected aliquot of the calibration blend solutions.

NOTE Other methods of weighting calibration points, such as linear, exponential or polynomial plots, may be more or less
suitable, depending on the linearity of the detector response and the software available.

8.2 Mass concentration of analyte

Calculate the concentration of the analyte in the sampled air, in milligrams per cubic metre, by means of the
following equation:

c
m m m

D U tm �
� �

� �

�
1 2 3 610 (4)

where

cm is the concentration of analyte in the air sampled, in milligrams per cubic metre;

D is the desorption efficiency as found in 7.3, for a mass m1;

m1 is the mass of analyte present in the sample as found in 7.2, in milligrams;

m2 is the mass of analyte present in the sample (back-up section, if used) as found in 7.2, in milligrams;

m3 is the mass of analyte present in the blank tube, in milligrams;

U is the diffusive uptake rate, in cubic centimetres per minute (annex B or 7.4)

t is the exposure time, in minutes.

The value of U applied should be that for the temperature and pressure of sampling (see 7.4).

If it is desired to express concentrations reduced to specified conditions, e.g. 25 °C and 101 kPa, then:

c c
p

T
c m� � �

�101 273
298

(5)

where

cc is the concentration of analyte in the air sampled, reduced to specified conditions, in milligrams per cubic
metre;

p is the actual pressure of the air sampled, in kilopascals;

T is the actual temperature of the air sampled, in degrees Celsius.
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8.3 Volume concentration of analyte

Calculate the volume fraction of the analyte in air, in millilitres per cubic metre, by means of the following equation:

c
m m m

D U tV �
� �

� � �
�

1 2 3 610 (6)

where

cV is the volume fraction of the analyte in air, in millilitres per cubic metre;

�U is the diffusive uptake rate, in nanograms per (millilitres per cubic metre) per minute.

8.4 Uptake rates

Uptake rates in cubic centimetres per minute (U) and in nanograms per (millilitres per cubic metre) per minute ( )�U
are related by:

U U
M p

T
� � � � �

�24 5 101 273
298

,
(7)

where

M is the molecular mass of the analyte of interest, in grams per mole;

24,5 is the molar volume at 25° C and 101 kPa.

9 Interferences

Organic components which have the same or nearly the same retention time as the analyte of interest during the
gas chromatographic analysis will interfere. Interferences can be minimized by proper selection of gas
chromatographic columns and conditions.

High humidity may affect the recovery of some compounds from samplers, particularly for those using activated
charcoal. The method description should be consulted for specific advice.

10 Precision and bias

The procedure described in this part of ISO 16200, when used for the determination of concentrations of VOCs in
workplace air, shall meet the requirements of EN 838 or an equivalent test procedure. For the purposes of this part
of ISO 16200, the HSE protocol [20] and the NIOSH protocol [21, 22] are taken to be equivalent to EN 838. EN 838
assigns levels of evaluation defined as:

� 1A: Full evaluation of uptake rate, including effects of time, concentration, temperature, humidity, back-
diffusion, storage, desorption efficiency and air velocity; overall uncertainty including bias and random errors
u 30%.

� 1B: Partial evaluation of an analogue within a homologous series in which upper and lower members have
been shown to comply with level 1A.

Evaluations to EN 838 level 1A or 1B are time-consuming. This part of ISO 16200 acknowledges that in the
absence of experimental data, empirical data based on the ideal uptake rate could be used, subject to certain
limitations. Annex B summarizes the levels of evaluation as follows:

� A: Full (EN 838 level 1A or NIOSH protocol or close equivalent).
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� B: Partial (EN 838 level 1B, or other tests in which experimental uptake rates were measured over a more
limited range than that specified by level 1A or 1B, as permitted in EN 482 [23].

� C: Theoretical or ideal uptake rates are calculated from known or estimated diffusion coefficients and a
geometric constant characteristic of the sampling device (the ratio of the effective area to the diffusion path
length, A/l cm). The geometric constant may itself be estimated from selected experimental diffusion
coefficients and uptake rates if the device moderates diffusion through a porous barrier or operates by radial
diffusion.

There is no general consensus on the tests to be included in a partial level B evaluation. The significance of certain
tests, such as back-diffusion or desorption efficiency, depends on the type of sampler and the application. One
manufacturer (SKC Inc) distinguishes between its evaluation of an analogue within a homologous series,
designated bi-level, in which the lower member complies fully with EN 838 level 1A, and more limited tests
designated partial [23]. For the purposes of this part of ISO 16200, field evaluations can also comply with level B,
subject to comparison of the sampler with an independent method which has also been validated according to an
established protocol, e.g. a pumped sorbent tube or a different diffusive sampler method.

NOTE 1 For definitions of precision and related terms, see for example ISO 5725 [24] or IUPAC [25].

NOTE 2 Level C rates should be used with caution, and confirmed experimentally as soon as practicable by the procedure in
7.4.

11 Storage and transport

The long-term stability of hydrocarbons and some chloroalkanes on charcoal is good. The long-term stability of
many polar compounds on charcoal is unknown. Use of a refrigerator or freezer for storage and transport will
generally improve stability.

12 Test report

The test report shall contain at least the following information:

a) complete identification of the sample;

b) reference to this part of ISO 16200 or any supplementary International Standard;

c) the sampling location, sampling time period and volume of air sampled;

d) the barometric pressure and temperature, if required in clause 6;

e) the test result;

f) any unusual features noted during the determination;

g) any operation not included in this part of ISO 16200 or in the International Standard to which reference is made
or which is regarded as optional.

13 Quality control

An appropriate level of quality control should be employed (see [26, 27] or equivalent).

The field blank is acceptable if artefact peaks are no greater than 10 % of the typical areas of the analytes of
interest.
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Annex A
(informative)

Description of sorbent types

The sorbents are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 16200 and does not constitute endorsement by ISO of these
product. Equivalent products may be used if they can be shown to lead to the same results.

Sorbent Type

Carbon Coconut shell

Carbon Petroleum-based

Anasorb2) 727 Beaded microporous polymer with hydrophobic surface

Chromosorb 3) 106 Beaded microporous polymer with hydrophobic surface

Anasorb2) 747 Beaded active carbon derived from petroleum precursors

Silica gel

Tenax 4) TA Poly(diphenyl oxide)

Porapak5) R

2) AnasorbTM is a trademark of SKC Inc., USA. Anasorb 727 and Chromosorb 106 are believed to be equivalent.

3) ChromosorbTM is a trademark of Manville Corp., USA. Anasorb 727 and Chromosorb 106 are believed to be equivalent.

4) TenaxTM is a trademark of Enka Research Institute NV, NL.

5) PorapakTM is a trademark of Waters Associates Inc., USA.
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Annex B
(informative)

Diffusive sampling rates
(cm3/min)

Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

Hydrocarbons

1,3-butadiene C 7,61 A 42,8 e A 8,03

n-pentane C 6,32 B 35,3 e A 14,9 A 74 C 6,15

1-pentene C 35,9 C 16,3 6,39

2-methylpentane C 31,4 C 14,1 5,51

2-methyl-1,3-
butadiene

C 6,51 C 36,6 e 6,67

n-hexane B 5,49 A 32,0 B 14,3 A 66 A 5,51

n-hexane A 31,7f B 14,3 g A 58

n-heptane B 4,83 B 28,9 B 13,9 g B 5,01

1-heptene C 29,3 C 13,1 A 53 5,15

n-octane B 4,62 B 26,6 B 12,7 g B 4,61

n-nonane C 4,32 B 24,6 B 10,6 g B 4,28

n-decane C 4,04 B 23,1 C 10,2 A 43 C 4

n-dodecane B 21,5 3,55

cyclopentane C 36,2 e 6,7

cyclopentadiene C 39,5 C 7,3

dicyclopentadiene C 23,6 C 11,8

cyclohexane B 5,58 B 32,4 B 15,6 A 47 B 5,92

cyclohexene B 5,72 B 32,3 C 15,4 C 6,15

methylcyclohexane C 5,09 B 28,9 B 14,2 B 5,33

trans-1,2-dimethyl-
cyclohexane

C 25,4 C 12,4 4,86

4-vinyl-1-cyclohexene B 27,9 C 5,15

benzene A 6,44 B 35,5 A 16,0 A 80 A 6,76

toluene A 5,72 A 31,4 B 14,5 A 74 A 6,01

ethylbenzene B 5,20 C 27,3 B 12,9 5,34

m-xylene B 5,03 B 27,3 B 12,5 g A 61 A 5,4

o-xylene B 5,45 B 27,3 B 11,9 g A 61 A 5,4

p-xylene B 5,04 B 27,3 B 12,8 g A 61 A 5,4

styrene B 5,26 A 28,9 A 13,7 h A 61 C 5,52

styrene A 13,7 j

divinyl benzene C 23,3 4,72

vinyltoluene C 25,1 C 12,3 h B 5,01

�-methylstyrene C 4,88 B 25,0 A 12,6 h B 5,02

�-methylstyrene A 12,6 j

isopropylbenzene
(cumene)

C 5,08 B 24,5 B 12,8 A 58 C 4,87

isopropenylbenzene C 4,88 5,02

2-ethyltoluene C 4,78 C 24,5 4,87

3-ethyltoluene C 4,80 C 24,6 4,87

4-ethyltoluene C 4,79 C 24,5 4,87
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Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

1,2,3-
trimethylbenzene

C 4,95 C 24,3 C 12,0 4,86

1,2,4-
trimethylbenzene

C 4,95 C 24,4 C 12,1 C 4,86

1,3,5-
trimethylbenzene

C 4,95 B 26,3 C 12,1 B 4,86

1,2,3,4-tetra-
methylbenzene

C 22,2 C 11,1 C 4,48

1,2,3,5-tetra-
methylbenzene

C 11,2 C 4,48

1,2,4,5-tetra-
ethylbenzene

C 11,2 C 4,48

p-t-butyltoluene C 4,28 B 20,7 B 10,4 g C 4,19

naphthalene C 4,87 C 24,6 C 12,2 A 5,05

divinylbenzene C 23,3 C 4,72

�-pinene C 4,26 C 22,8 A 11,4 j C 4,48

�-pinene C 4,26 C 22,7 B 11,4 j C 4,45

�3-carene C 22,0 B 11,4 j 4,37

limonene C 4,24 C 21,9 C 11,4 j C 4,34

dicyclopentadiene C 23,6 A 4,69

dodecene C 21,9 C 3,61

2,2,4-trimethylpentane C 27,1 A 55 C 4,6

phenyl-cyclohexane C 20,0 C 4,09

phenyl-cyclohexene C 20,3 C 4,18

propane C 8,26

4-vinyl-cyclohexane C 26,0 C 5,15

Halocarbons k

methyl chloride C 9,57 k C 10,68

methyl bromide C 8,22 C 40,9 e C 9,39

methyl iodide C 7,24 C 36,7 C 18,7 C 8,46

dichloromethane B 7,78 A 37,9 e A 14,7 B 90l A 8,04

chlorobromomethane C 7.15 B 34,4 C 15.4 B 70 C 8,18

chlorotrifluoro-
methane

8,55

bromoform C 5,75 C 29,3 C 21,2 C 6,62

chloroform C 6,66 C 33,5 B 13,0 g B 7,3

carbon tetrachloride C 6,21 B 30,2 B 14,1 g B 6,43

carbon tetrabromide C 26,6 5,76

vinyl chloride B 8,29 B 40,8 B 9,1

vinyl bromide C 37,0 C 18,2 B 8,21

bromoethane 6,95 B 36,4 C 18,1 C 7,75

1,2-dibromoethane 6,20 B 29,6 C 14,7 B 6,36

1,1-dichloroethane 6,89 C 33,2 B 7,2

1,2-dichloroethane C 6,80 B 33,2 B 14,2 g C 7,36

1,1-dichloroethene
(vinylidene chloride)

C 6,89 C 35,1 B 12,3 g B 7,61

1,2-dichloroethene C 6.83 B 35,2 A 14,8 B 7,66

trichloroethene B 6.56 B 31,1 A 14,9 A 65 C 6,4

1,1,1-trichloroethane B 5,96 A 30,9 B 14,1 g A 47 B 6,36

1,1,2-trichloroethane C 5,94 B 29,7 B 12,5 g B 6,41

tetrachloroethene B 5,98 A 28,3 A 12,9 A 65 C 5,96
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Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

1,1,2,2-
tetrachloroethane

C 5,42 C 28,4 B 11,8 g B 5,72

hexachloroethane C 4,56 C 26,4 C 11,5 4,81

1-bromobutane C 5,92 C 29,0 5,9

bromopropane A 31,7 A 145 B 6,18

halothane B 5,70 C 30,2

halothane B 24,0 m

halothane B 23,1 n

enflurane B 5,31 C 28,3 C 13,8 h B 5,52

isoflurane B 5,30 C 28,3 B 13,7 h B 5,56

sevoflurane C 5,03 C 27,3 C 13,1 h B 5,16

desflurane C 30,1 e C 14,8 h B 5,88

1,1-dichloro-2,2,2-
trifluoroethane (HCFC
123)

B 30,9 C 6,36

1,1,1,2-
tetrafluoroethane
(HFC134a)

B 37,1 C 7,93

1,1,2-trichloro-1,2,2-
trifluoroethane

C 5,47 C 29,1 e C 14,1 B 5,72

2-chloro-1,1,1,2-
tetrafluoroethane
(HCFC 124)

B 35,8 C 6,9

1,1,1,2-tetrachloro-
2,2-difluoroethane

C 27,5 e B 5,37

1,1,2,2-tetrachloro-
1,2-difluoroethane

C 5,11 C 28,2 e C 5,37

1,2-dichloropropane
(propylene dichloride)

C 5,73 B 30,6 B 14,3 g A 66 C 6,41

3-chloropropene
(allyl chloride)

C 35,1 C 17,8 C 7,54

1,2,3-trichloropropane C 5,16 C 27,4 B 11,9 g C 5,79

cis-1,3-
dichloropropene

C 30,7 C 15,2 6,57

2-chloro-1,3-butadiene
(chloroprene)

C 6,23 C 32,2 C 6,83

1-chloro-
2,3-epoxypropane
(epichlorohydrin)

C 6,18 C 29,6 C 16,0 h C 8,19

chlorobenzene B 5,60 B 29,3 C 14,2 B 6,01

benzyl chloride C 27,2 C 12,3 B 5,43

o-dichlorobenzene C 5,01 B 27,8 C 12,6 B 5,44

m-dichlorobenzene C 26,7 C 12,7 5,44

p-dichlorobenzene C 5,03 B 27,8 C 12,7 B 5,44

�-chlorotoluene C 5,35 C 5,43

o-chlorotoluene C 27,3 C 13 g B 5,39

o-chlorostyrene C 26,0 A 9,8 g,h,j B 5,05

trifluoromethyl
benzene

C 27,8 B 13,3 g

1-chloro-
4-(trifluoromethyl)
benzene

B 11,8 g
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Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

1,1-dichloro-
1-fluoroethane (HCFC
141b)

C 33,0 e B 6,89

dichloro(1,3)penta-
fluoropropane

C 5,33

dichloro(3,3)penta-
fluoropropane

C 5,33

dichlorodifluoro-
methane (CFC12)

C 36,5 B 7,67

dichlorofluoro-
methane (CFC21)

C 36,9 B 8,08

dichlorotetrafluoro-
ethane (CFC114)

C 31,1 B 6,13

ethyl chloride
(chloroethane)

C 38,8 C 8,52

fluorotrichloro-
methane (CFC11)

C 33,2 B 6,98

hexachlorobutadiene C 22,9 C 4,39

hexachloro-
cyclopentadiene

C 22,1 C 4,26

methoxyflurane
(metofane)

C 27,8 C 5,52

trifluoroethanol C 34,3 C 7,64

Esters

methyl formate C 8,17 C 45,0 e B 8,64

ethyl formate C 7,32 C 38,8 C 7,27

methyl acetate C 7,34 B 37,0 e C 7,28

ethyl acetate B 6,46 B 34,5 C 15,6 A 64 B 6,34

n-propyl acetate C 5,76 B 30,1 C 14,6 B 5,65

isopropyl acetate C 5,78 C 31,7 C 14,1 B 5,65

n-butyl acetate B 5,04 C 31,6 C 12,7 A 60 B 5,12

isobutyl acetate C 4,97 B 31,0 C 12,8 A 63 B 5,12

s-butyl acetate C 4,98 B 28,6 C 12,9 C 5,12

t-butyl acetate C 5,01 C 29,4 C 12,9 C 5,12

n-amyl acetate C 4,58 B 26,0 C 11,8 C 4,71

isoamyl acetate C 4,60 C 27,2 C 11,8 B 4,71

s-amyl acetate C 27,2 C 11,9 C 4,71

1,3-dimethylbutyl
acetate (s-hexyl
acetate)

C 25,5 C 11,1 4,35

ethylhexyl acetate C 22,9 C 9,8 C 3,81

ethyl propionate C 5,42 C 31,2 C 14,0 5,65

methyl acrylate C 6,17 C 35,8 A 15,7 h B 6,61

ethyl acrylate C 5,52 C 32,2 B 13,7 g,h C 5,85

n-butyl acrylate C 4,69 C 27,3 B 11,7 g,h C 4,83

isobutyl acrylate C 12,1 h 4,82

methyl methacrylate C 5,56 C 31,8 B 13,1 g,h A 68 B 5,86

ethyl methacrylate C 29,4 C 13,1 h C 5,28

methoxyethyl acetate
(methyl cellosolve
acetate)

C 5,14 B 29,0 C 13,1 A 64 B 5,34
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Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

2-ethoxyethyl acetate
(cellosolve acetate

C 4,57 B 26,6 C 12,0 A 54 B 4,88

1-methoxy-2-propyl
acetate (propylene
glycol monomethyl
ether) acetate)

C 5,26 B 25,2 C 12,2 A 60 B 4,87

2-methoxy-1-propyl
acetate

C 12,0 C 5,35

2-butoxyethyl acetate
(butyl cellosolve
acetate)

C 4,39 B 24,3 C 10,5 A 41 C 4,18

vinyl acetate C 6,20 C 35,8 p A 161 h B 6,59

benzyl acetate C 22,6 C 11,3 C 4,59

ethyl lactate C 29,1 B 5,35

Alcohols and glycol
ethers

ethanol C 8,91 B 43,7 e C 20,9 h B 9,05

2-chloroethanol
(ethylene
chlorohydrin)

C 6,68 C 33,9 B 7,73

n-propanol C 7,44 B 39,7 C 18,5 h B 7,53

isopropanol B A 39,4 e C 17,8 h A 52 q B 7,53

2-propen-1-ol
(allyl alcohol)

C 7,66 C 40,4 C 18,4 h C 7,93

n-butanol B 6,46 B 34,3 C 15,5 h A 74 C 6,52

isobutanol B 6,08 B 35,9 C 15,6 h A 77 B 6,51

s-butanol B 6,73 C 34,8 C 15,6 h C 6,51

t-butanol C 6,55 C 35,2 C 15,8 h C 6,5

n-amyl alcohol B 31,2 C 13,9 h 5,78

isoamyl alcohol C 5,46 B 32,3 C 13,9 h B 5,78

s-amyl alcohol C 31,2 5,77

hexyl alcohol C 28,5 C 12,6 5,23

methyl amyl alcohol
(methyl isobutyl
carbinol)

C 29,2 C 12,8 h C 5,22

2-ethylhexanol C 4,38 C 25,2 C 10,9 C 4,42

isooctyl alcohol C 4,32 C 25,1 C 11,1 C 4,41

nonyl alcohol C 23,8 C 10,2 4,12

decyl alcohol C 22,7 C 9,6 3,86

dodecyl alcohol C 20,8 C 8,7 3,45

2-methoxyethanol C 6,34 B 36,3 C 16,1 h B 6,92

2-ethoxyethanol C 5,91 B 32,4 C 14,4 A 55 B 6,08

isopropoxyethanol C 29,5 C 5,77

2-methoxy-1-propanol C 14,4 h 6,08

1-methoxy-2-propanol
(propylene glycol
monomethyl ether)

B 5,72 B 32,4 C 14,5 h A 55 q B 6,08

1-ethoxy-2-propanol
(propylene glycol
monoethyl ether)

C 29,6 A 68 q C 4,96

2-butoxyethanol B 4,76 B 28,2 C 12,0 h A 56 q C 7,29

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 16200-2:2000(E)

© ISO 2000 – All rights reserved 17

Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

2,3-epoxy-1-propanol
(glycidol)

C 37,1 C 16,7 h 8,15

ethylene glycol C 37,9 C 17,4 h 4,25

ethylene glycol
monohexyl ether

C 24,3 C 10,5 B 4,38

dipropylene glycol
methyl ether

C 4,25 C 25,3 C 10,8 h C 5,58

cyclohexanol C 5,11 B 29,5 C 13,5 C 5,07

methyl cyclohexanol C 25,3 C 12,5 h C 5,54

benzene-1,3-diol
(resorcinol)

C 25,8 4,12

terpineol C 20,0 C 10,5 j C 6,34

furfuryl alcohol C 30,6 B 5,13

diacetone alcohol C 5,05 B 28,2 C 12,4 h B 4,18

2-butoxyethanol (butyl
cellosolve acetate)

C 24,4 C 3,58

butyl carbitol acetate
(diglycol butyl ether
acetate)

C 21,6 C 3,58

carbitol acetate C 23,6 C 4,03

dibutylcarbitol
(diethyleneglycol
dibutyl ether)

C 20,2 C 3,26

diethyleneglycol ethyl
ether [carbitol]

C 26,1 C 4,4

ethyleneglycol diethyl
ether (ethyl
Cellosolve) (1,2-
diethoxyethane)

C 28,0 C 4,88

ethylene glycol
monomethyl ether
(methoxy ethanol)

C 36,3 6,92

methyl alcohol
(methanol)

k C 11,64

n-octyl alcohol C 25,1 C 4,42

Ketones

acetone B 7,87 B 40,1 e,p A 15,2 h A 77 q,r A 8

2-butanone C 6,77 A 36,3 p B 17,1 g,h A 57 A 6,76

2-pentanone C 5,95 B 33,0 B 15,7 h B 6,04

3-pentanone (diethyl
ketone)

C 32,7 C 14,8 h C 6,04

methyl isopropyl
ketone

C 32,8 C 14,8 h C 6,03

2-hexanone C 7,10 B 29,7 p C 13,4 h B 5,41

3-heptanone (ethyl
butyl ketone)

C 28,0 C 12,3 h C 4,93

4-heptanone
(dipropyl ketone)

C 27,8 C 12,3 h 4,93

5-methyl-2-hexanone C 4,92 C 28,0 4,93

2,6-dimethyl heptan-4-
one (diisobutyl ketone)

C 4,24 B 24,6 B 10,3 g,h C 4,23
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Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

4-methylpentan-2-one
(MIBK)

B 5,27 B 30,0 B 13,5 h A 64 B 5,4

4-methylpentan-
3-ene-2-one (mesityl
oxide)

C 5,70 B 31,2 C 13,7 C 5,6

methyl n-amyl ketone
(2-heptanone)

C 4,82 C 27,9 C 12,2 h B 4,94

methyl isoamyl ketone C 28,0 C 12,2 h C 4,93

ethyl amyl ketone
(5-methyl-
3-heptanone)

C 26,4 C 11,4 h C 4,54

2,4-pentanedione C 31,7 C 5,9

butyrolactone C 33,7 C 15,8 h 6,98

cyclohexanone C 6,02 B 28,9 B 15,1 j A 60 q B 5,58

isophorone C 4,51 B 21,7 C 11,3 h B 4,5

2,4-dimethyl-
3-pentanone
(diisopropyl ketone)

C 28,1 C 4,93

methyl cyclohexanone C 26,5 C 5,24

Ethers

diethyl ether C 6,89 C 36,8 e C 16,3 A 6,5

diisopropyl ether C 5,12 C 31,2 e C 13,2 B 5,21

dichloroethyl ether C 5,21 C 26,1 C 12,7 C 5,38

1-dichloro-2-
difluoroethyl ether

C 5,23 5,07

1,4-dioxane C 6,90 C 34,5 C 16,0 h B 6,62

dimethoxy methane C 6,65 C 37,9 e C 17,1 B 6,9

tetrahydrofuran C 7,00 C 37,2 C 17,4 h B 7,14

isopropyl glycidyl
ether

C 29,1 C 12,8 C 5,11

butyl glycidyl ether C 27 C 11,6 C 4,06

phenyl glycidyl ether C 22,2 C 11,1 C 4,58

methyl t-butyl ether A 30,8 A 13,6 B 65 C 5,77

ethyl t-butyl ether C 29,9 B 13,1 G B 61 5,21

methyl t-amyl ether C 29,6 B 13,1 G 5,21

diphenyl ether C 3,93 C 20,3 C 10,4 B 4,23

1,1-dimethoxyethane C 33,5 C 6,07

1,2-dimethoxyethane C 33,0 C 6,07

dimethyl ether C 9,01

Miscellaneous

acetonitrile C 8,86 C 48,2 e C 22,4 h B 9,64

acrylonitrile C 7,94 C 43,8 A 20,4 h B 75 C 8,36

camphor C 4,10 C 21,4 C 10,8 h B 4,26

carbon disulfide B 7,60 C 42,8 e C 9,04

ethyl mercaptan C 41,1 B 8,07

ethylene oxide C 8,96 B 49,3 s C 9,75

propylene oxide C 7,42 B 37,7 e,s C 19,9 B 7,96

furfural C 34,3 C 6,64

morpholine C 33,1 C 6,13

N,N-dimethylaniline C 12,0 C 4,99

dimethylformamide C 35,5 C 16,4 h C 7,1
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Type A sampler Type B sampler Type C sampler Type D sampler Type E samplerCompound

Level a Uptake
rateb

Level a Uptake
rate

Level a Uptake
ratec

Level a Uptake
rated

Level a Uptake
rate

dimethyl acetamide C 32,0 C 6,22

pyridine C 6,44 C 34,9 C 16,3 C 6,99

N-methyl-2-
pyrrolidone

C 28,8 C 4,22

1,1-dichloronitro-
ethane

C 28,5 C 5,96

1-chloro-1-
nitropropane

5,96

acetic acid 8,7

dimethyl sulfoxide 7,45

hydrogen sulfide 8,03

nitrobenzene 5,68

n-propyl nitrate C 32,7 6,6
a For an explanation of evaluation levels A to C, see clause 10.

b For type A samplers, the effective A/l ratio has been revised from 1,41 cm to 1,25 cm (0,80 cm-1). Manufacturer data are the latest
available and have been adjusted relative to published data in references [8-10].

c For type C samplers, in most cases Anasorb 747 can be used in place of charcoal with no change in the uptake rates.

d For type D samplers, the uptake rates include a correction for desorption efficiency.

e Type B sampler: with back-up section.

f Type B sampler: MDHS 74 [28].

g Type C sampler: bi-level validation [22].

h Type C sampler: with Anasorb 747.

j Type C sampler: with Anasorb 727.

k Type B sampler: not recommended for methanol or methyl chloride.

l Type D sampler: 8 h exposure was at 1/3 of ACGIH limit value.

m Type B sampler: re-calculated from data of Mazur et al. [29].

n Type B sampler: HSE Internal Report [30].

p Type B sampler: refrigerate and analyse as quickly as possible if sampled under high humidity.

q Type D sampler: If exposure was prolonged at >60 % R.H. add water to standards to match water content of charcoal desorbate.

r Type D sampler: If not exposed for more than 6 h at limit value.

s Type B sampler: special ethylene oxide monitor [31].
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Annex C
(informative)

Equivalence of gas chromatographic stationary phases

Company Equivalent phase Equivalent phase

SGE BP-1 BP-10

Chrompack CP-Sil 5 CB CP-Sil 19 CB

J & W DB-1 DB-1701

Supelco SPB-1 SPB-1701

Hewlett-Packard HP-1 HP-1701

Restek Rtx-1 Rtx-1701

Quadrex 007-1 007-1701

In each table column, the phases are believed to be equivalent. For similar retention times on the two GC columns,
the film thickness of the BP-10 column (or equivalent) should be about half that of the BP-1 column
(or equivalent).
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Annex D
(informative)

Suppliers of charcoal-based organic vapour diffusive samplers

Arelco GABIE sampler Areclo A.R.C.
2 avenue Ernest Renan, 94120 Fontenay-sous-Bois, France
+ 33 1 43 94 06 09

Assay Technology ChemDisk 541
sampler

(not available)

Dräger ORSA-5 Draeger Ltd
Kitty Brewster industrial estate, Blyth, Northumberland NE24
4RG, UK
+ 44 1670 352891

Perkin-Elmer diffusive tube sampler (with
charcoal sorbent)

Perkin-Elmer Ltd
Post Office Lane, Beaconsfield, Bucks HP9 1QA, UK
+ 44 1494 676161

Radiello Fondazione Salvatore Maugheri
Via Svizzera, 16, 35127 Padova, Italy
+ 39 049 806 4511

SKC Organic vapour sampler 575 SKC Inc
Valley View Road, Box 334, Eighty Four, PA 15330-9614,
USA
+ 1-800-752-8472

3M Organic vapour monitor 3500/3520 3m Company, 3M Center, Bldg. 275-6W-01, St Paul, MN
55144-1000, USA
(tel not available)

The devices in this list are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 16200 and does not constitute endorsement by ISO of these product.
Equivalent products may be used if they can be shown to lead to the same results.
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Annex E
(informative)

Specific information on sampler type A

E.1 Specification

The diffusive sampler type A (ORSA-5) consists of an open-ended glass tube containing granular coconut shell
charcoal. Two porous plugs of cellulose acetate at both ends of the tube fix the charcoal in the tube and act as
diffusion barriers during sampling. To protect the sampler from contamination during storage and transport, the
tube is placed in a glass vial which is sealed by a PTFE-coated (or equivalent) screw cap. The sampler is provided
with a clip holder made of polyethylene.

Glass tube outside diameter 10 mm
inside diameter 8 mm
length 28 mm

Plug diameter 8,5 mm
length 5 mm
pressure drop 300 Pa at 1 l/min

Charcoal mass 400 mg
particle size 0,4 mm to 0,8 mm

E.2 Sampling instructions

Immediately before sampling, remove the diffusive sampler from its transportation jar and place in the holder. At the
end of a measured time of exposure, remove the sampling tube from its holder and return it to the transportation
jar. Seal the jar carefully with the screw cap.

E.3 Desorption instructions

Remove the sampling tube from the transportation jar. Remove the porous plug from the sampler and tip the
charcoal sorbent into a septum vial (5 ml to 15 ml capacity). Close the vial and add elution solvent (2 ml to 10 ml,
depending on application) through the septum. Agitate the vial occasionally over a period of 30 min to ensure
maximal desorption.

E.4 Determination of desorption efficiency

Remove the porous plug and inject known amounts of analyte with a microlitre syringe into the sorbent bed at three
or more levels. Replace the porous plug and leave for at least 16 h [32].

E.5 Diffusive sampling rates

See annex B.
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Annex F
(informative)

Specific information on sampler type B

F.1 Specification

The diffusive sampler type B (3M) consists of a nylon circular body, a white polypropylene membrane and a metal
clip for attachment.

Body nominal outside diameter 30 mm
Charcoal proprietary product

F.2 Sampling instructions

Immediately before sampling, remove the diffusive sampler from its protective metal can. At the end of a measured
time of exposure, remove the white membrane and retaining ring from the sampler and replace with the closure
cap with the ports firmly closed. Then replace the sampler in its protective metal can for transport.

F.3 Desorption instructions

Open the centre port on the closure cap and pipette 1,5 ml of elution solvent into the sampler. Close the port and
agitate the sampler occasionally over a period of 30 min to ensure maximal desorption.

F.4 Determination of desorption efficiency

With a microlitre syringe, inject known amounts of analyte into the samplers at three or more levels through one of
the filling ports, seal and leave for at least 16 h [33].

F.5 Diffusive sampling rates

See annex B.
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Annex G
(informative)

Specific information on sampler type C

G.1 Specification

(Information not available)

G.2 Sampling instructions

Immediately before sampling, remove the diffusive sampler type C (SKC) from its protective bag. At the end of a
measured time of exposure, remove the sampler and seal as follows: place the O-ring provided on the sampler
face and press on the cap, ensuring the O-ring is sealed all around. Send the sampler together with the remaining
accessories (including the operating instructions) to the analysing laboratory.

G.3 Desorption instructions

Do not remove the cap from the face of the sampler. Open the two ports at the rear using a sharp knife or other
means. Slowly pipette 2,0 ml of elution solvent into the sampler. Press the plugs into place to close the ports and
desorb for 1 h using an appropriate shaker. Open the ports and either remove aliquots for direct syringe injection or
transfer the elution solvent to an autosampler vial through the length of PTFE tube provided (see operating
instructions). Approximately 1,5 ml can be transferred by the latter method.

G.4 Determination of desorption efficiency

With a microlitre syringe, inject known amounts of analyte into the samplers at three or more levels through one of
the filling ports, seal and leave for at least 16 h [33].

G.5 Diffusive sampling rates

See annex B.
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Annex H
(informative)

Specific information on sampler type D

H.1 Specification

The diffusive sampler type D (Radiello) consists of a sintered microporous polyethylene cylinder as a diffusive
surface containing an inner coaxial stainless steel cylindrical adsorbing cartridge containing activated charcoal. The
sampler is provided with a triangular polycarbonate supporting plate with hanging clip and transparent label pocket.

Outer tube: outside diameter 16 mm
inside diameter 12,6 mm
length 50 mm
pore diameter (25 � 5) �m

Inner tube: outside diameter 5,9 mm
length 60 mm

Charcoal: mass 530 mg
particle size 0,5 mm to 0,7 mm

H.2 Sampling instructions

Immediately before sampling, remove the sorbent cartridge from its glass storage tube and insert in the diffusive
body, making sure it is aligned centrally. Attach the diffusive body to the support plate. At the end of a measured
time period of exposure, remove the sorbent cartridge, replace in its glass storage tube and cap.

H.3 Desorption instructions

Remove the cap from a clean glass storage tube and pipette in 2,0 ml elution solvent. Insert the sorbent cartridge
in the solvent and leave for 30 min to 60 min, occasionally agitating to ensure maximal desorption.

H.4 Determination of desorption efficiency

Take an unused blank sorbent cartridge in its glass storage tube and replace the polyethylene cap with a silicone
septum. With a microlitre syringe, inject known amounts of analyte into the glass storage tube at three or more
levels and leave for at least 16 h. Alternatively, if suitable septa are not available, the phase equilibrium method
may be acceptable, subject to limitations described in references [4] to [7].

H.5 Diffusive sampling rates

See annex B.
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Annex I
(informative)

Specific information on sampler type E

I.1 Specification

The diffusive sampler type E (Assay Technology) consists of a circular plastics housing incorporating a charcoal
wafer encased within a wafer dish which snaps into a sampling grid containing a multiplicity of cone-shaped
sampling ports. The number of sampling ports determines the sampler's uptake rate. When not in use, sampling
ports are covered by an impermeable sampler cap which snaps over the face of the sampling grid.

Housing: diameter 31 mm
thickness 7 mm

Sampling ports: 1 mm x 3 mm nominal

Charcoal: proprietary product

I.2 Sampling instructions

No special requirements.

I.3 Desorption instructions

Remove monitor from the plastics return container. Pry with spatula to separate the sampling grid from the clear
plastics wafer tray, exposing the carbon sampling wafer. Quickly transfer the carbon sampling wafer to weighing
paper which has been creased in the middle, grasp the wafer through the weighing paper, break the wafer in two
along the score mark, and pour the wafer pieces into a glass desorption vial. Pipette 2,0 ml of desorbing solution
and cap the vial with an inert, gas-tight closure. Agitate the vial continuously for 1 h using an orbital shaker or
equivalent. Reserve for gas chromatographic analysis.

I.4 Determination of desorption efficiency

Break an unused carbon sampling wafer along the score mark and place in a glass desorption vial. Inject a known
amount of analyte onto the wafer surface using a microsyringe, cap the vial, and hold overnight. Repeat with
several different quantities of analyte representing expected air concentrations. Add desorbing solution to the vial,
and proceed with analysis.

I.5 Diffusive sampling rates

See annex B.
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Annex J
(informative)

Retention indices of selected VOCS on BP-1 and BP-10 phases

VOC BP-1 VOC BP-10

propane 300 propane 300
dichlorodifluoromethane (Freon 12) 311 dichlorodifluoromethane (Freon 12) 318
methyl chloride 348 1,2-dichloro-1,1,2,2-tetrafluoroethane

(Freon 114)
353

1,2-dichloro-1,1,2,2-tetrafluoroethane
(Freon 114)

359 isobutane 359

isobutane 364 butane 400
methanol 370 methyl chloride 402
chloroethene (vinyl chloride) 378 chloroethene (vinyl chloride) 420
butane 400 2-methylbutane 478
methyl bromide 421 methyl bromide 482
ethyl chloride 434 ethyl chloride 492
ethanol 450 methanol 500
acetonitrile 470 pentane 500
trichlorofluoromethane (Freon 11) 482 trichlorofluoromethane (Freon 11) 503
enflurane 486 2,2-dimethylbutane 528
acetone 487 1,1,2-trichloro-1,2,2-trifluoro-

ethane
528

2-methylbutane 488 dichlorofluoromethane (Freon 21) 532
iso-propanol 488 dimethylethanolamine 553
dichlorofluoromethane (Freon 21) 491 propylene oxide 553
pentane 500 1,1-dichloroethene (vinylidene

chloride)
555

dimethoxymethane 511 ethanol 559
methyl acetate 511 2-methylpentane 561
1,1-dichloroethene (vinylidene
chloride)

513 2,3-dimethylbutane 561

dichloromethane 514 3-methylpentane 582
1,1,2-trichloro-1,2,2-trifluoro-
ethane (Freon 113)

524 acetone 589

2,2-dimethylbutane 532 n-hexane 600
n-propanol 539 isopropanol 601
halothane 541 methyl acetate 603
vinyl acetate 560 enflurane 607
cyclopentane 562 dichloromethane 608
2-methylpentane 563 acetonitrile 637
2,3-dimethylbutane 563 methylcyclopentane 642
2-butanone 571 halothane 644
3-methylpentane 579 vinyl acetate 644
cis-1,2-dichloroethene 592 2-methylhexane 662
ethyl acetate 596 n-propanol 665
chloroform 600 2,3 -dimethylpentane 669
n-hexane 600 3-methylhexane 673
iso-butanol 610 cyclohexane 676
methoxyethanol 616 ethyl acetate 685
1,2-dichloroethane 627 cis-1,2-dichloroethene 685
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VOC BP-1 VOC BP-10

methylcyclopentane 627 2,2,4-trimethylpentane 687
1,1,1-trichloroethane 634 methyl acrylate 690
n-butanol 643 2-butanone 693
isopropyl acetate 643 1,1,1-trichloroethane 693
benzene 652 carbon tetrachloride 697
1-methoxy-2-propanol (PGME) 658 chloroform 700
cyclohexane 662 n-heptane 700
carbon tetrachloride 663 cyclohexene 712
2-methylhexane 664 benzene 723
2,3-dimethylpentane 668 isopropyl acetate 727
3-methylhexane 674 isobutanol 739
cyclohexene 678 2,4-dimethylhexane 736
1,2-dichloropropane 684 methylcyclohexane 736
t-butyl acetate 687 1,2-dichloroethane 745
2,2,4-trimethylpentane 691 methoxyethanol 755
trichloroethene 691 trichloroethene 755
ethoxyethanol 695 t-butyl acetate 763
n-propyl acetate 695 2-methylheptane 768
methyl methacrylate 696 1-methoxy-2-propanol 773
n-heptane 700 3-methylheptane 774
methoxyflurane 706 n-butanol 777
cis-1,2,dichloropropene 720 1,2-dichloropropane 778
methyl isobutyl ketone 723 methyl methacrylate 782
methylcyclohexane 728 n-propyl acetate 784
2,4-dimethylhexane 735 n-octane 800
1-ethoxy-2-propanol 738 methoxyflurane 806
trans-1,2-dichloropropene 739 2,4-dimethylheptane 820
s-butyl acetate 745 ethoxyethanol 820
1,1,2-trichloroethane 747 cis-1,2-dichloropropene 821
2-ethoxy-1-propanol 754 s-butyl acetate 823
isobutyl acetate 757 toluene 825
toluene 761 methyl isobutyl ketone 831
2-methylheptane 765 isobutyl acetate 840
hexanal 777 1-ethoxy-2-propanol 843
diethyleneglycol diethyl ether 783 tetrachloroethene 846
1,2-dibromoethane 787 diethyleneglycol diethyl ether 854
propoxyethanol 790 trans-1,2-dichloropropene 862
n-butyl acetate 795 3-methyloctane 872
n-octane 800 1,1,2-trichloroethane 876
furfural 803 n-butyl acetate 883
methoxyethyl acetate 807 hexanal 891
tetrachloroethene 807 n-nonane 900
2,4-dimethylheptane 824 di-n-butyl ether 905
furfuryl alcohol 830 1,2-dibromoethane 905
chlorobenzene 837 propoxyethanol 913
diacetone alcohol 842 ethylbenzene 922
1-methoxy-2-propyl acetate 843 chlorobenzene 922
ethylbenzene 855 p-xylene 929
amyl acetate 859 m-xylene 929
p-xylene 864 methoxyethyl acetate 940
m-xylene 864 amyl acetate isomer 948
4-methyloctane 865 amyl acetate isomer 951
allyl glycidyl ether 868 o-xylene 960
cyclohexanone 871 �-pinene 962
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VOC BP-1 VOC BP-10

3-methyloctane 873 styrene 968
tetrahydrofurfuryl alcohol 874 isopropylbenzene (cumene) 983
ethoxyethyl acetate 876 furfural 987
styrene 881 allyl glycidyl ether 999
1,1,2,2-tetrachloroethane 886 n-decane 1000
o-xylene 887 ethoxyethyl acetate 1002
butoxyethanol 890 N-methyl-2-pyrrolidone 1009
n-nonane 900 cyclohexanol 1010
isopropylbenzene 919 n-propylbenzene 1014
bromobenzene 921 butoxyethanol 1015
ethanediol monoacetate 925 furfuryl alcohol 1019
2-methylcyclohexanone 930 m-ethyltoluene 1022
3-methylcyclohexanone 931 furfuryl alcohol 1023
4-methylcyclohexanone 937 p-ethyltoluene 1023
benzaldehyde 940 1,3,5-trimethylbenzene 1029
�-pinene 941 cyclohexanone 1030
n-propylbenzene 949 1,1,2,2-tetrachloroethane 1045
phenol 951 ethanediol monoacetate 1046
m-ethyltoluene 956 o-ethyltoluene 1047
p-ethyltoluene 958 �-methylstyrene 1050
1,3,5-trimethylbenzene 963 2-methylcyclohexanone 1060
3-methylnonane 972 1,2,4-trimethylbenzene 1060
�-methylstyrene 972 3-methylcyclohexanone 1088
o-ethyltoluene 975 4-methylcyclohexanone 1095
1,2,4-trimethylbenzene 990 1,2,3-trimethylbenzene 1097
benzyl chloride 996 p-dichlorobenzene 1099
benzyl chloride 997 n-undecane 1100
n-decane 1000 1-methyl-2-isopropylbenzene 1104
p-dichlorobenzene 1004 benzaldehyde 1105
N-methyl-2-pyrrolidone 1009 1,3-diethylbenzene 1111
1,2,3-trimethylbenzene 1019 indane 1117
o-dichlorobenzene 1027 propenylbenzene 1117
o-cresol 1027 1,4-diethylbenzene 1118
indane 1033 n-butylbenzene 1120
1-methyl-2-isopropylbenzene 1034 benzyl chloride 1128
indene 1039 ethanediol diacetate 1130
propenylbenzene 1041 o-dichlorobenzene 1135
p-cresol 1047 1,3-dimethyl-4-ethylbenzene 1146
m-cresol 1047 indene 1147
1,4-diethylbenzene 1051 benzyl chloride 1162
n-butylbenzene 1052 butoxyethyl acetate 1185
butoxyethyl acetate 1061 n-dodecane 1200
1,3-dimethyl-4-ethylbenzene 1075 phenol 1222
vinyl pyrrolidone 1077 1,1,2,3,4,4-hexachloro-1,3-butadiene 1270
nonanal 1085 o-cresol 1274
2,6-xylenol 1093 2,6-xylenol 1296
n-undecane 1100 tridecane 1300
isophorone 1113 ethylhexyl methacrylate 1308
2,4-xylenol 1127 isophorone 1308
2,5-xylenol 1127 p-cresol 1311
decanal 1129 m-cresol 1311
3,5-xylenol 1144 vinyl pyrrolidone 1322
2,3-xylenol 1158 naphthalene 1328
3,4-xylenol 1171 2,4-xylenol 1360
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VOC BP-1 VOC BP-10

2-(isopropyl)phenol 1175 2,5-xylenol 1360
naphthalene 1196 2,3-xylenol 1400
n-dodecane 1200 3,5-xylenol 1400
ethylhexyl acrylate 1215 n-tetradecane 1400
1,1,2,3,4,4-hexachloro-1,3-butadiene 1223 tetrahydrofurfuryl methacrylate 1400
n-tridecane 1300 3,4-xylenol 1434
2-methylnaphthalene 1310 2-methylnaphthalene 1447
1-methylnaphthalene 1328 1-methylnaphthalene 1470
2,6-bis(isopropyl)phenol 1346 n-pentadecane 1500
biphenyl 1388 2,6-bis(isopropyl)phenol 1524
n-tetradecane 1400 biphenyl 1538
n-pentadecane 1500 n-hexadecane 1600
n-hexadecane 1600

NOTE 1 Retention index data for selected VOCs in annex K were compiled from HSL in-house sources. The majority of
compounds listed in annex B are found here, but no exact correspondence of the two lists is implied.

NOTE 2 GC retention indices based on the n-alkanes indicate the order of elution, but the absolute values are not intended to
be definitive. Most were measured using the GC conditions in 5.2. Interpolated values are affected by temperature programming
rates and other factors. They are normally reproduced to within ± 5 units with equivalent phases and similar conditions.

NOTE 3 More retention indices of 150 gasoline hydrocarbons on OV1701, equivalent to BP-10, are listed in MDHS 60 [34].
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